Background
Sarcoidosis is a granulomatous inflammatory disease most commonly affecting lungs and intrathoracic lymph nodes. The etiology of sarcoidosis remains unknown, but genetic factors implicate susceptibility to the illness and influence its clinical course and outcome. Although in the majority of cases the disease regresses spontaneously, up to 15% of patients develop a progressive lung disease with fibrosis [1] .
The family of metalloproteinases is represented by 24 genes that collectively cleave all components of extracellular matrix (ECM). They are regulated by specific tissue inhibitors (TIMPs). The balance between MMPs and TIMPs is responsible for physiological tissue turnover, and excess protease activity may lead to tissue destruction, eventually initiating impaired healing and, in consequence, an uncontrolled production of connective tissue elements [2] . Additionally, metalloproteinases are one of the critical mediators of host defense and inflammation; therefore several other activities may be implicated in the pathogenesis of sarcoidosis. MMP2, 9 (gelatinases A and B) and 7 (matrilysin) degrade many ECM substrates. They activate cytokines, which may be responsible either for granuloma formation or tissue fibrosis, by their ability to cleave pro-TGF-b, pro-IL1b, proTNFa, other MMP propeptides and other cytokines [2] [3] [4] . On the other hand, TGF-b, IL1b and TNFa, key cytokines in the pathogenesis of sarcoidosis, are strong inducers of the MMP9 gene [5, 6] , which may result in formation of a selfperpetuating mechanism. Recently it was shown that Th1 lymphocytes, which are predominant in sarcoid inflammation, stimulate macrophages to increase production of MMP2 and MMP9 much more than Th2 or Th0 cells [7] . All these mechanisms may be involved in the pathogenesis of sarcoidosis. TIMPs 1 to 4 represent a family of tissue inhibitors responsible for post-translational regulation of MMPs activity.
Many experimental studies indicate the role of the imbalance between metalloproteinases and inhibitors in the pathogenesis of lung fibrosis [8, 9] . Metalloproteinases, including MMP8 (collagenase), MMP7 and TIMP1 have been implicated in the pathogenesis of idiopathic pulmonary fibrosis (IPF) [10, 11] . Previous studies on metalloproteinases and their inhibitors in sarcoidosis revealed increased collagenase activity of BAL fluid related to MMP8 [10] . According to other authors, increased concentrations of TIMP1 in BAL fluid of sarcoid patients are related to impaired lung function [12] . Another group reported increased levels of MMP9 in induced sputum of these patients, which correlated negatively with lung diffusion capacity [13] .
In view of the above, there is a possibility that uninhibited activity of metalloproteinases in the lung may promote initial stages of granulomatous inflammation and influence the course of sarcoidosis. The genetic polymorphism could explain why some are predisposed to the disease and why only a small proportion of patients are predisposed to such an unfavorable outcome as lung fibrosis. Therefore, in our present study we looked for the selected genetic polymorphisms of MMP2, 7, 9 and TIMP2 in a population of patients from central Poland suffering from sarcoidosis. The selection of polymorphisms was based on the literature search. MMP2 C-735T, MMP7 A-181G and TIMP2 G-418C are common functional polymorphisms identified as risk factors for cancer development, progression and response to treatment [14, 15] , or vascular pathology [16] . MMP9 T-1702A is a less recognized polymorphism (1 of 4 identified in the promoter region of MMP9 gene), studied in the context of bronchial wall remodeling, but with negative results [17, 18] . None of these polymorphisms have been studied in a population of patients with sarcoidosis or other interstitial lung diseases.
Material and Methods

Study group
From October 2007 to July 2010, 139 Caucasian residents of central Poland consulted with the Division of Pneumology and Allergy, Medical University of Lodz. Sarcoidosis was proven by biopsy or without biopsy, when clinical and radiological symptoms indicated stage I/II disease with Löfgren syndrome (27% of this subgroup did not have histo-pathological confirmation) [1, 20] ; 11 patients were on treatment during evaluation and blood sampling (maintenance dose of prednisone 5-10 mg/day). The sarcoidosis group consisted of never-smokers (n=96; 69%), ex-smokers (n=31; 22%; 13 packyears) and active smokers (n=12; 9%; 10 pack-years). Other respiratory and non-respiratory chronic conditions were exclusion criteria. At the time of blood collection, bronchoscopy and other examinations, the patients were free of acute respiratory infection. The study was approved by the Ethics Committee of the Medical University of Lodz (Consent No. RNN/99/08/KE). All participants provided informed consent.
Lung function tests
Spirometry with flow-volume loop was performed according to ERS/ATS standards [21] on computer-based spirometer (Jaeger, Germany). Forced expiratory volume in 1 st second (FEV 1 ) and forced vital capacity (FVC) were provided as percent of predicted value. FEV 1 /FVC from best achieved values was calculated and presented as a percentage.
Lung diffusion capacity for carbon monoxide (DLCO) was measured on Lungtest 1000 SB (MES, Poland) with a single breath method, according to ATS/ERS standards [21] . Values were corrected for hemoglobin concentration (DLCOc) and presented as% of predicted value.
Bronchoscopy was performed with a flexible bronchoscope (Pentax, Japan) according to British Thoracic Society guidelines [22] .
Bronchoalveolar lavage fluid (BALF) was collected from the medial lobe or lingula, by administration and subsequent withdrawal of 4×50 ml of 0.9% NaCl. The fluid recovery was 57±2%. The crude BALF was filtered through gauze and centrifuged, and the pellet was suspended in a phosphate buffer. The total cell count (TCC) was presented as n×10 6 . Cytospin slides were prepared and stained by May-Grünwald-Giemsa stain. Numbers of particular cell types were calculated under a light microscope and presented as a percent of TCC.
Laboratory activity markers
Serum C-reactive protein (CRP), serum angiotensin-converting enzyme (SACE), serum Ca 2+ concentration and 24-hrs urine Ca 2+ loss were measured.
The control group
The control group consisted of healthy non-smoking volunteers (n=100, 55 women, age 38.7 years). All had a negative personal and family history of sarcoidosis and their chest X-ray was normal. Other respiratory and non-respiratory chronic conditions were exclusion criteria. At the time of blood collection they were free of respiratory infection.
RNA extraction and reverse transcription
Total RNA was extracted from the blood samples using an RNA extraction reagent, TRIZOL (Invitrogen Life Technologies, USA), according to the standard acid-guanidinium-phenol-chloroform method [23] . The extracted RNA concentrations and purity were determined by spectrophotometer readings at 260 and 280 nm and analyzed by 1% agarose-2M formaldehyde gel electrophoresis. Total RNA was digested with Dnase I (Invitrogen Life Technologies, USA) at room temperature for 15 min. Five micrograms of digested RNA were reverse transcribed at 42°C for 60 min in a total 20 ml reaction volume using the ImProm-II™ Reverse Transcription System kit (Promega, USA). Obtained cDNA was used in real-time PCR reaction.
Detection of gene expression using real-time RT-PCR method
Real-time PCR based on TaqMan TM technology was performed using master mix prepared according to the FastStart Universal Probe Master (ROX) from Roche Applied Science. Probes and primers were designed using the online Universal Probe Library (www.universalprobelibrary.com). Primer sequences and probe numbers are as follow: MMP2 (forward, 5'-ACTGTTGGTGGGAACTCAGAAG-3', reverse, 5'-CAAGGTCAAT GTCAGGAGAGG-3', probe: #1), MMP7 (forward, 5-CGGATGGTAAGCAGTCTAGGG-3', reverse, 5'-AGGTTGGATACATCACTGCA3TTAG-3', probe: #49), MMP9 (forward, 5-TGGGTGTACGACGGTGAAAA-3' , reverse, 5'-CATGGGTCTCTAGCCTGATA-3' probe: #31), TIMP2(forward 5'-TCTGGAAACGACATTTATGG-3', reverse 5'-GTTGGAGGCCTGCTTATGGG-3' and 18sRNA (forward 5' CCGATAACGAACGAGACTCTGG-3', reverse 5' TAGGGTAGGCACACGCTGAGCC-3' probe: #29), which was used as internal control for real-time PCR.
Real-time PCR was carried out in a final volume of 50 µl, with 0.05 µg cDNA, 25 µl FastStart Universal Probe Master (ROX) 2×, 250 nM probe and 1 µM of each primer. Amplification was performed for 10 min at 95°C to activate FastStart Taq DNA polymerase and 40 rounds of 15 sec at 95°C and 1 min at 60°C for amplification and signal analysis. ABI Prism 7000 Sequence Detection System from Applied Biosystems was used to detect amplifications. Each sample was assayed in triplicate in independent reactions. RT PCR data were automatically calculated with the data analysis module. The results were analyzed according to the 2 -∆∆Ct method [24] . Validation of PCR efficiency was performed with a standard curve. Standard curves were prepared for each gene by serial dilution.
Determination of peripheral cell lysate MMP2, 7, 9, TIMP2 levels using Enzyme-Linked Immunosorbent Assay (ELISA)
For the quantitative detection of MMP2, 7, 9 and TIMP2 in peripheral cells lysate, the RayBio ® Human ELISA (Enzyme-Linked Immunosorbent Assay) from RayBiotech was used, according to the manufacturer's recommendations.
Zymography
MMP2/MMP9 zymography from BAL fluid samples were carried out according to Gürkan et al. [25] . Electrophoresis was performed using 5% polyacrylamide stacking gel and 10% resolving polyacrylamide co-polymerized with 1 mg/mL gelatin. MMP-2/MMP-9, human zymography standards (Millipore, Billerica, MA, US), were simultaneously loaded onto the gel. Gels were run in standard Tris-glycine-SDS running buffer. Gelatin gels were washed overnight by gentle shaking at room temperature in rinse buffer 
Analysis of sequence gene polymorphism
DNA was extracted from whole blood according to the GTC method [23] . The MMP2, 7, 9 and TIMP2 gene polymorphisms were analyzed using 0.1 µg genomic DNA, 200 µM each dNTP, 5× GoTaq buffer solution, 1u GoTaq polymerase (Promega, Madison WI, USA), 0.5 µM primers 5' ATAGGGTAAACCTCCCCACATT 3' 5' GGTAAAATGAGGCTG AGACCTG 3', 5' TGGTAC CATAATGTCCTGAATG 3' 5 'TCGTTATTGGCAGGAA GCACACAATGAAT 3', 5' CAAGGTC ACATAGCTGGAA 3' 5' CACCACGCCTTG GCTAAAT-3' and 5' CGTCTCTTGTTGGCTGGTCA 3' 5'-CCTTCAGCTCGACTCTG GAG-3' specific for MMP2 C-735T, MMP7 A-181G, MMP9 T-1702A, TIMP2 G-418C, respectively [26] [27] [28] [29] . After a 5 min denaturing step, amplification was performed according to the following cycling profile: 94°C for 30 sec, 59°C for 30 sec and 72°C for 30 sec (28 cycles). The final elongation step was 10 min at 72°C. Amplification product was digested with restriction enzyme MMP2 C-735T (300bp)/Hinf 1, MMP7 A-181G (150bp)/ EcoRI, MMP9 T-1702A (353bp)/BseJ I and TIMP2 G-418C (327bp)/Eco88 I (New England BioLabs). The polymorphism was visualized by separating the digested amplification products on 6% PAA gel in TAE buffer. Bands were visualized by UV light, and the results were recorded photographically and analyzed densitometrically using an LKB Ultrascan XL Enhanced Laser Densitometer.
Statistical analysis
Data were expressed as mean ± standard error of means (SEM), with the exception of age, where standard deviation (SD) was provided. Chi-square test was used to estimate Hardy-Weinberg equilibrium within subgroups and differences in frequency distribution of various polymorphisms test. Odds ratios were computed for recessive model of inheritance in all cases. Multivariate analysis of association between polymorphisms was performed using logistic regression incorporating assessment of interaction between the analyzed genotypes. Unpaired T-test (for normally distributed data) or Mann-Whitney test (for non-parametric data) was used to compare sarcoidosis with controls. When more than 2 groups were compared, one-way ANOVA and Tukey's post-hoc test for unequal samples (for data with Gaussian distribution) or Kruskall-Wallis followed by Dunn's Multiple Comparison Test (for data without normal distribution) was used. Spearman test was applied to assess correlations. The p value ≤0.05 was assumed as statistically significant. results Table 1 shows the characteristics of the study group in relation to the presence/absence of Löfgren syndrome and Table 2 shows these characteristics in relation to radiological stages. The population was suitably matched for age (39.0±11.0 year compared to 38.7±6.7 for control, ns) but sex distribution was different (40% of women in sarcoidosis vs. 55% in controls, p=0.02 estimated by c 2 test). There were no interactions between sex and MMPs genotypes in the study group: p=0.92 for MMP2, p=0.94 for MMP7, p=0.19 for MMP9; however, the influence of sex on TIMP2 genotype may not be excluded (p=0.03).
Differences in frequency distribution of various genotypes
MMP2 C-735T
The distribution of alleles showed marginal deviation from the H-W equilibrium (p=0.06). There were no differences in genetic distribution between groups (Table 3 ). There were no differences in mRNA expression between genotypes in the study group ( Figure 1A 
MMP7 A-181G
The distribution of MMP7 polymorphisms was in HardyWeinberg equilibrium (p=0.34). There were no differences in genetic distribution between groups (Table 3) 
MMP9 T-1702A
The distribution of MMP9 polymorphisms was in HardyWeinberg equilibrium (p=0.27). We found statistically Figure 1C ). Gel zymography did not show significant differences in MMP9 and pro-MMP9 activity in BAL between AT/AA and TT genotypes ( 
TIMP2 G-418C
The distribution of TIMP2 polymorphisms was not in HardyWeinberg equilibrium (p=0.004). There were no differences in genetic distribution between groups (Table 3) . TIMP2 G-418C alleles subgroups were different in terms of mRNA expression, with the following values from the highest to the lowest: GG -0.26±0.01, GC -0.22±0.01, CC -0.15±0.01 2 -∆Ct (GG vs. CC p<0.001, Figure 1D ). Patients with GG, GC and CC polymorphisms were not different in terms of parenchymal involvement (radiological stages), presence/absence of LS and LFT results.
Multivariate analysis of MMP-7 and MMP-9 polymorphisms confirmed univariate results, with MMP-9 TT homozygosity remaining a highly significant factor promoting the diagnosis of sarcoidosis. No interaction effect between genotypes at the analyzed sites was found (Table 5 ).
There were no differences in mRNA expression between studied genotypes in the control group.
Expression of mRNA and concentration of proteins in sarcoid vs. non-sarcoid subjects
Messenger RNA expressions for MMP2, MMP7, MMP9 and TIMP2 were significantly higher in sarcoidosis (Figure 2A-D) . Concentrations of proteins in whole peripheral blood lysates were also significantly higher ( Figure 3A-D) . In the study group, a correlation was found between MMP2 mRNA and MMP2 concentration (r=0.39; p<0.0001), and between MMP9 mRNA and MMP9 concentration in peripheral blood lysates (r=0.38; p<0.0001). There were no correlations between activity of MMP2 and MMP9 in BAL and mRNA concentrations or protein concentrations in peripheral blood lysates.
Other correlations
Weak correlations were noticed between SACE and MMP2, and MMP7 mRNA (r=0. Table 4 . Peripheral blood lysate mRNA and protein concentrations, and pro-MMP9 and MMP-9 activity in BAL fluid (estimated by gel zymograpgy) in patients with TT vs. TA&AA T1702A MMP-9 genotypes.
as new relapses after spontaneous or drug-related remission had been achieved (r=0.28, p= 0.001 and r=0.23, p=0.02, respectively). Besides, MMP2 and MMP9 mRNA were higher in patients with >2 episodes (n=7, p=0.003 and p=0.02, respectively). MMP2 activity in BAL fluid estimated by zymography correlated negatively with DLCOc (r=-0.31, p=0.03). Table 5 . Multivariate analysis results of association between matrix metalloproteinase 7 (MMP-7) and 9 (MMP-9) gene polymorphisms and presence of sarcoidosis.
OR -odds ratio; 95%CI -95% Confidence interval.
Clinical Research Med Sci Monit, 2011; 17(10): CR598-607 discussion To our knowledge this is the first study on the genetic polymorphisms of MMP2, -7, -9 and TIMP2 in sarcoidosis. We have shown the higher prevalence of MMP9 TT1702 genotype and higher frequency of T allele in patients with sarcoidosis in the population under study. There were no differences in the distribution of MMP2, -7 and TIMP2 polymorphic genes between the sarcoidosis and control groups. The unexpected deviation of allele frequencies in MMP-2 and TIMP-2 polymorphic sites from the Hardy-Weinberg equilibrium made it impossible to include these variants into multivariate analysis. These polymorphisms should therefore be validated in other populations or study groups, as their association with sarcoidosis remains unclear.
Messenger RNAs for all studied MMP's and TIMP were highly up-regulated in sarcoid patients, which strongly suggests that all of these molecules are inducible.
To date, the most extensively studied MMP9 polymorphism is the C-1562T, with the T allele reported to be linked to higher levels of gene expression, and in 1 study it was shown to influence the survival in non-small cell lung carcinoma [29] . T allele was also far more frequent in patients suffering from abdominal aortic aneurysms [30] . This polymorphism was not related to the susceptibility to idiopathic disseminated bronchiectasis [31] and decline of lung function in cigarette smokers [32] . It was shown to increase the susceptibility to COPD in the Korean population [33] , but not in Brazilians [34] . Interestingly, an increased risk of multiple sclerosis, a Th1-related disease, was associated with the MMP9-1562 allele T [35] .
There is far less published data on genetic MMP9 polymorphism of T-1702A. It was studied in the context of susceptibility to asthma and airway remodelling, but no associations were found, both for MMP9 C-1572T and T-1702A polymorphic genes [17, 18] . Our results indicate that T-1702A TT homozygotes have significantly higher expression of MMP9 mRNA, which proves that this polymorphism is functional. It was shown to be much more frequent in patients suffering from sarcoidosis; therefore several links to the pathogenesis of sarcoidosis should be taken into consideration. First of all, patients with higher expression of MMP9 may be more susceptible to Th1 lymphocyte-mediated inflammation through increased activation of IL1b, TNFa and other cytokines [2] [3] [4] . These processes may result in further influx of lymphocytes, their differentiation, and stimulation of macrophages with their transformation to epithelioid and giant cells, forming a granuloma. Many cytokines involved in the initial steps of granuloma formation (ie, TNFa) may induce MMP9 genes, potentially increasing MMP9 burden in the lungs [5, 6] . In the course of chronic, persistent inflammation, the increased activity of MMP9 and other matrix metalloproteinases may lead to increased ECM turnover, which may induce processes leading to fibrosis. This also releases growth factors from ECM. TGFb and other growth factors, which may be important in the promotion of lung fibrosis, may also increase metalloproteinase expression [7] , and conversely, MMPs may cleave proTGFb, thus increasing its activity in the area of inflammation [3] . Messenger RNA of MMP2, 7 and TIMP2 and protein concentration in peripheral blood lysates were overexpressed in sarcoidosis patients, but the allelic distribution was not different between sarcoidosis patients and controls. This suggests that MMP genes are induced in the course of sarcoid inflammation. This observation is consistent with the results of Oviedo-Orta, who found that Th1 cells are more potent in the induction of MMP2 and MMP9 production by cocultured macrophages when compared to Th2 and Th0 cells [7] . Therefore, other metalloproteinases may also play a role in the pathogenesis of sarcoidosis.
There are limited functional data in the literature on the role of MMP9 in the pathogenesis of sarcoidosis. Fireman et al. found increased MMP9 concentrations in the induced sputum of sarcoidosis patients [13] . In one of our previous studies, we found the negative correlation between FEV 1 % predicted and the MMP9 expression in peripheral bronchial lung biopsies of sarcoid patients with parenchymal involvement [36] . MMP9 may be involved in airway remodeling in asthma [37, 38] .
Although on the basis of our results it seems highly probable that MMP9 TT1702 genotype predisposes to sarcoidosis, our work does not provide evidence for the negative prognostic value of this genotype. It was not linked to the more advanced radiological stage and worse lung function parameters. Also, mRNA expression was not negatively correlated with lung function parameters and there were no differences between radiological stages. However, MMP9 and MMP2 mRNA were correlated with the number of episodes. The significance of the difference between mRNA concentration in patients with 1 episode and ≥2 episodes was borderline, but the number of patients with recurrent sarcoidosis in our study group was small. Finally, we did not find a link between MMP9 polymorphism and enzyme activity in BAL.
The most likely explanation of this apparent discrepancy is the influence of multi-level regulation of gene expression. Although the activity of MMP9 is regulated mostly at the transcriptional level [39] , elevated mRNA for MMP9 in peripheral blood lysates of TT homozygotic patients without parallel increase in enzyme activity in BAL suggests the influence of posttranscriptional and posttranslational regulatory mechanisms. These may include regulation of mRNA stability, enzyme secretion and activation, and the influence of MMP inhibitors [2] . TIMP2 shows higher affinity towards MMP2, whereas MMP9 is strongly inhibited by TIMP1 [40] . Unfortunately, the latter inhibitor was not evaluated in this study. In addition, the MMP2 and 9 activities were measured in BAL fluid, whereas mRNA and protein concentrations were evaluated in peripheral blood. These limitations of our study prevent us from drawing final and definitive conclusions on possible posttranscriptional or posttranslational down-regulation of MMP activity in lower airways.
In view of the above, the presented results must be treated as preliminary. Significant differences in the expression of mRNA of all studied MMPs and TIMP2 between sarcoidosis and control groups strongly suggest the inducible character of these molecules. Also, significant differences in mRNA expression between various functional genotypes of MMP7, 9 and TIMP2 in sarcoidosis, but not in healthy subjects, suggest their inducibility.
In view of our results, further studies on the role of metalloproteinases in the pathogenesis of sarcoidosis may open new therapeutic possibilities. Matrix metalloproteinase inhibitors are a new class of drugs under development, which raises hopes of efficacy in the treatment of chronic inflammatory diseases [41] .
conclusions On the basis of the above, we conclude that the MMP9 TT1702 genotype may confer considerable predisposition to sarcoidosis. Our results did not show any relationship with prognostic factors such as presence/absence of Löfgren syndrome, radiological stages or lung function parameters. A separate follow-up study should be conducted to evaluate such associations and verify the effect of MMP-2 and TIMP-2 polymorphic loci. MMP2, 7, 9, and TIMP2 genes are induced in the course of sarcoidosis, as shown by elevated mRNA and protein concentrations in peripheral blood lysates.
